Slope steepness factor has always been a controversial issue in erosion research. Many researchers in the past have proposed slope factor relationships best describe their experiment conditions and viewpoints. The general conclusion is that the slope factor in USLE overestimates soil loss for steep slope conditions. Hence, the objective of this study is to examine the effect of slope steepness on soil loss for steep slopes. Indoor erosion study was carried out in a 15-m tall rainfall simulator building. Results of the study showed that the soil loss ratio fell within the envelope of S-factor equations proposed by McCool et al. (1987) . However, the inclination of soil loss with respect to slope steepness decreased as slope fell between steepness of 30-and 45%. The leveling of soil loss in the spectrum of slope steepness may not seem practicable in USLE structure; on the other hand, occurrence of leveling phenomenon may need further attention in the future erosion research.
Introduction
Effect of slope steepness is one of the substantial parameters in erosion process. Since the day slope steepness being parameterized as an independent variable (Zingg, 1940) , erosion scientists have extended their best efforts refining the slope-steepness relationships (Smith and Whitt, 1947; Smith and Wischmeier, 1957; Wischmeier and Smith, 1978; McCool et al., 1987; Meyer and Harmon, 1985; Liu et al., 1994) . Many slope factor relationships have been proposed to better describe developers' experiment conditions and viewpoints. The common conclusion derived from these researches is that the slope-steepness factor in USLE (Wischmeier and Smith, 1978) overestimates soil loss for steep slope conditions. Field erosion study conducted by Wu and Wang (1998) on 60%-steepness USLE standard erosion plots for three consecutive years also detected overestimation of soil loss by 73 times as comparing annual soil loss with USLE prediction. Hence, the objective of this study is to further examine the effect of slope steepness on soil loss for steep slopes.
Materials and Methods
An indoor erosion study was carried out in a 15-m tall rainfall simulator building with effective fall height of 10m. The soil used for experiments was classified as sandy clay loam, it was air dried and sieved to 2mm. Three identical soil boxes with dimensions of 300cm x 50cm x 30cm (LxWxH) were placed on a 400cm x 300cm (LxW) adjustable platform so that three replicates could be run simultaneously for each experiment condition. Soil box was designed with a permeable bottom to allow free drain during the course of experiment. Soil boxes were filled with the test soil and packed with a 12.2kg roller twice at every 10cm fill depth to achieve even compaction.
Experiment conditions included slope steepness from 15-to 60% at 5% interval and rainfall intensities of 90-and 120mm/hr. Rainfall intensity was calibrated using standard raingauge prior and after each run. Each experiment was carried out for one full hour. Surface runoff as well as sediment was collected at the outlet of each soil box at 10min interval. Volume of surface runoff was measured, suspended sediment was sampled then oven dried, and bed load was oven dried for each 10-min sample respectively. Total volume of runoff and oven-dried sediment was summed for data analysis.
Results and Discussion
Total dried sediment collected from each experiment condition was first divided by the projected plot area to get the total soil loss per unit area. The results were then converted to slope factor by dividing the total soil loss at different slope gradient to that from gradient of 15%. Slope factors proposed by Smith and Whitt (1947) , Smith and Wischmeier (1957) , Smith (1978), and McCool et al. (1987) were readjusted to the basis of 15% gradient so that results of slope factor and conditions could be equally compared (Table 1) . The adjusted slope factors were also plotted along with the experimental data of this study in Figure 1 . Results of this study as shown in Figure 1 indicate that: 1) experimental data obtained from 90mm/hrsimulated rainfall register higher soil loss ratio (or slope factor) than that from 120mm/hr rain; 2) the inclination of soil factor with respect to slope gradient decreases as slope falls between steepness of 30-and 45%; and 3) experimental data obtained from both rainfall intensities fall within the envelope of S-factor equations proposed by McCool et al. (1987) .
The reason causing slope factor from 90mm/hr rainfall to exceed that from 120mm/hr is the resultant of surface sealing. Even though higher intensity rain provides greater impact energy to detach soil, it also furnishes greater chance for surface sealing to occur during one-hour storm. The susceptibility of surface seal is generally affected by the physical characteristics of the soil, intensity of external forces, as well as the duration that external forces exert on soil. Visual evidence as well as sediment collected every 10 minutes during the operation of experiment did support the preceding argument.
Results of this study also indicate the leveling of soil loss in the spectrum of slope steepness from 30-to 45% for both rainfall intensities. This trend exhibits the similar phenomenon delivered in Meyer and Harmon (1985) interrill erosion study. Foster (1982) analyzed Lattanzi et al. (1974) data and derived a slope factor relationship to accommodate the needs of slope factor for short slope length. The relationship was later recommended by McCool et al. (1987) and adapted in Revised Universal Soil Loss Equation (RUSLE; Renard et al., 1997) . The assumption embedded in the short-slope-length equation is that rill erosion is insignificant on slopes shorter than 450cm. Therefore, the equation should not be applied to slopes where rill erosion is expected to occur. Rills did occur in this study; even the slope length was shorter than the critical slope length of 450cm that Foster et al. (1981) suggested. If the concept of dominant soil loss on short slope length contributing by interrill erosion is valid, then the spectrum of slope steepness (Figure 2) where the general trend of this study starts to depart from McCool et al. "interrill" curve may suggest the occupancy of rill erosion process. As the slope gradient exceeds 50%, slumping of the rill banks accelerates the sediment production.
Domains where different erosion processes take place have already been recognized in erosion research. Concept of shear stress as well as transport capacity has also been embedded in modern soil loss prediction models. If again accepting the assumption of independence of surface runoff on slope steepness (McCool et al., 1987) and assuming the adequacy of Manning's equation in describing overland flow velocity on steep slopes, one can conceptually compare the variation of shear stress as to slope gradient with that of slope factor obtained from this study. The results are shown in Table 2 . Obviously; as shown in Table 2 ; one can recognize that shear stress changes more promptly than slope factor in the slope spectrum of 30-45%. If shear stress increases logarithmically with respect to slope steepness, the mechanism that involves in the sediment delivery and production in that particular slope range may need further investigation.
Summary
The effect of slope steepness on soil loss has been investigated in the laboratory from slope range of 15-to 60% at 5% interval. The leveling in slope factor occurred in the slope spectrum of 30-to 45% coincides with the phenomenon addressed in Meyer and Harmon's interrill erosion study on rowside slopes. Taking the assumptions embedded in current soil loss prediction models for granted, variation in shear stress with respect to slope steepness can not reveal the mechanism involved in the occurrence of leveling. More in-depth research using different soils on slope range beyond USLE limit is needed so that current knowledge in slope steepness can be further advanced for better soil loss prediction.
